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(g) Polyester film. 

(57) A polyester film contains a polyester having an intrinsic viscosity (IV) in the range from 0.65 to 0.8 and 
an antioxidant The polyester has an endothermic high temperature peak at a temperature of (A)°C and 
an endothermic low temperature peak at a temperature of (B)°C, both peaks being measured by 
differential scanning calorimetry (DSC), and the value of (A - B) Is In the range from 25°C to 50°C. The 
polyester film is suitable for use an insulation film, exhibiting improved ageing properties. 
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This invention relates t a polyester film, and in particular to a film for use as an electrical insulator. 
Poly ster films, particularly polyethylen t r phthalate, have b nus d in industrial applicati ns uchas 
electrical applications, where the films operate as Insulator materials, eg in electric motors and electric ca- 
pacitors. In such electrical applications, the polyester films are subject to relatively high temperatures for long 

5 periods of time. Unfortunately, commercially available polyester films are susceptible to thermal ageing which 
can result in an unacceptable reduction in the efficiency of the films as electrical insulators. Thus, there is a 
commercial need for poly ster films exhibiting improved thermal ageing characteristics. 

However, Improvements In thermal ageing can result In polyester films displaying an increased tendency 
to delaminate in-plane, when used as electrical insulators. Ideally, polyester films possessing improved ther- 

10 mal ageing, which are not susceptible to In-plane delamination are required. 

Polyester films are known to contain relatively small amounts of tow molecular weight materials, or oligo- 
mers. The oligomers are extracted from the polyester film, for example when used to insulate sealed motors, 
and can cause problems by being deposited elsewhere in the system. 

We have now devised a polyester film which reduces or substantially overcomes one or more of the afore- 

15 mentioned problems. 

Accordingly, the present invention provides a polyester film comprising a polyester having an intrinsic vis- 
cosity (IV) in the range from 0.65 to 0.8, and an effective amount of an antioxidant, the polyester having an 
endothermic high temperature peak at a temperature of (A)°C and an endothermic low temperature peak at a 
temperature of (B)°C, both peaks being measured by differential scanning calorimetry (DSC), wherein the val- 

20 ue of (A - B) is in the range from 25°C to 50°C. 

The invention further provides a method of producing a polyester film comprising a polyester having an 
intrinsic viscosity (IV) in the range from 0.65 to 0.8, and an effective amount of an antioxidant, the polyester 
having an endothermic high temperature peak at a temperature of (A)°C and an endothermic low temperature 
peak at a temperature of (B)°C, both peaks being measured by differential scanning calorimetry (DSC), where- 
as in the value of (A - B) is in the range from 25°C to 50°C. 

The polyester film is suitably formed from any synthetic thermoplastic polyester, particularly a synthetic 
linear polyester which may be obtained by condensing one or more dicarboxylic acids or their lower alkyl (up 
to 6 carbon atoms) diestere, eg terephthallc acid, isophthalic acid, phthallc acid, 2,5- 2,6- or 2,7-naphthalene- 
dicarboxylic acid, succinic acid, sebaclcacld, adipic acid, azelalc acid, 4,4'-dlpheny1dicarboxyllc acid, hexahy- 

30 droterephthalic acid or 1 ,2-bis-p-carboxyphenoxyethane (optionally with a monocarboxylic acid, such as pivalic 
acid) with one or more glycols, particularly aliphatic glycols, eg ethylene glycol, 1 ,3-propanedlol, 1,4-butane- 
diol, neopentyl glycol and 1 ,4-cyclohexanedimethanol. A polyethylene terephthalate or polyethylene naphtha- 
late film is preferred. A polyethylene terephthalate film is particularly preferred, especially such a film which 
has been biaxially oriented by sequential stretching in two mutually perpendicular directions, typically at a tem- 

35 perature in the range 70 to 125°C, and preferably heat set, for example, as described in British patent 838,708. 
Copolymers containing mainly polyethylene terephthalate, with minor amounts of units derived from other 
glycols or diacids are also preferred. For example, in a particularly preferred embodiment of the invention the 
polyester film is formed from a polyethylene terephthalate copolymer comprising up to 5 mole%, more prefer- 
ably up to 3 moie% of isophthalate units. 

40 Polyesters described herein can be synthesised by conventional methods. A typical process involves a 
direct esterif ication or ester exchange reaction, followed by polycondensatlon. It is preferred that polyconden- 
sation includes a solid phase polymerisation stage. The solid phase polymerisation may be carried out on a 
f luidised bed, eg fluidised with nitrogen, or on a vacuum f luidised bed, using a rotary vacuum drier. 

A polyester film according to the invention may be unoriented, or unlaxlally oriented, but is preferably blax- 

45 ially oriented by drawing in two mutually perpendicular directions in the plane of the film to achieve a satis- 
factory combination of mechanical and physical properties. Simultaneous biaxial orientation may be effected 
by extruding a polyester tube which is subsequently quenched, reheated and then expanded by internal gas 
pressure to induce transverse orientation, and withdrawn at a rate which will induce longitudinal orientation. 
Sequential stretching may be effected in a stenter process by extruding the polyester material as a flat extru- 

60 date which is subsequently stretched first in one direction and then in the other mutually perpendicular direc- 
tion. Generally, it is preferred to stretch firstly in the longitudinal direction, ie the forward direction through the 
film stretching machine, and then in the transverse direction. A stretched polyester, particularly polyethylene 
terephthalate, film may be, and preferably is, dimensionally stabilised by heat-setting under dimensional re- 
straint at a temperature above the glass transition temperature thereof, preferably in the range from 200°C to 

55 225°C. 

A range of antioxidant may be used, such as antioxidants which work by trapping radicals or by decom- 
posing peroxide. Suitable "radical trapping" antioxidants include hindered phenols, secondary aromatic amines 
and hindered amines, eg "Tinuvin 770" (obtained from Ciba-Geigy). Preferred "peroxide decomposing" anti- 



2 



EP 0620 245 A1 



oxidants are trivalent phosphorous compounds, eg phosphonites, phosphites, such as triphenyt phosphite, tri- 
alkylphosphit s; and thiosynergists, eg est rs of thiodipropionic acid such as dilauryl thiodipropionate. Hin- 
dered phenol antioxidants are preferred, a particularly preferred hindered phenol Is tetrakls-(methylene 3-(4'- 
hydroxy-3'. 5'-di-t-butylphenyl propionate) methane, which is commercially available as "Irganox 1010" (ob- 

5 talned from Ciba-Geigy). Other suitabl commercially available hindered phenols include "Irganox 1035, 1076, 
1098 and 1330" (obtained from Ciba-Geigy), "Santanox R" (obtained from Monsanto), "Cyanox" antioxidants 
(obtained from American Cyanamid) and "Good-rite" antioxidants (obtained from BF Goodrich). 

The concentration of antioxidant present In the polyester film Is preferably In the range from 50 ppm to 
5000 ppm, more preferably in the range from 300 ppm to 1500 ppm, particularly in the range from 400 ppm 

10 to 1200 ppm, and especially In the range from 450 ppm to 600 ppm. A mixture of more than one antioxidant 
may be used, In which case the total concentration thereof is preferably within the aforementioned ranges. 

Incorporation of the antioxidant into the polyester may be effected by conventional techniques- preferably, 
by mixing with the monomeric reactants from which the polyester is derived, particularly at the end of the direct 
esterif ication or ester exchange reaction, prior to polycondensation. 

15 Antioxidants have been previously added to polyester films for the purpose of reducing colour formation. 
The advantage conferred by including an antioxidant, preferably in the concentration ranges disclosed herein, 
in a polyesterf ilm according to the invention, is that a surprising improvement in thermal ageing characteristics 
is obtained. 

The polyester film preferably has an (A - B) value in the range from 27°C to 45°C, more preferably in the 
20 range from 28°C to 40°C, and especially in the range from 30°C to 35°C whereby (A) is the temperature in °C 
of the endothermic high temperature peak and (B) is the temperature in °C of the endothermic low temperature 
peak, both peaks being measured by differential scanning calorimetry (DSC), as described herein. The ad- 
vantage of exhibiting (A -B) values within the ranges disclosed herein, in a polyester film according to the in- 
vention, is that a surprising improvement in thermal ageing characteristics is obtained without detrimentally 
25 effecting the in-plane delamination properties of the film. 

The polyester of the polyester film according to the invention preferably has an intrinsic viscosity (IV) in 
the range from 0.67 to 0.75, more preferably in the range from 0.68 to 0.72. 

In a preferred embodiment of the invention, the polyester film has an oligomer content of not more than 
0.8%, more preferably not more than 0.7%, particularly not more than 0.6%, and especially not more than 
30 0.55% by weight of the film. 

The polymeric film according to the invention is preferably translucent, preferably exhibiting a Transmis- 
sion Optical Density (Sakura Densitometer; type PDA 65; transmission mode) of from 0.1 to 0.5, more prefer- 
ably of from 0.15 to 0.35. 

The polymeric film is conveniently rendered opaque by incorporating an opacifying agent therein, such 
35 as a particulate inorganic filler. Suitable "opacifying" particulate inorganicf illere include conventional inorganic 
pigments and fillers, and particularly metal or metalloid oxides, such as alumina, tftanla and alkaline metal 
salts, such as the carbonates and sulphates of calcium and barium. 

The opacifying inorganic fillers may be of the voiding and/or non-voiding type. Suitable inorganic fillers 
may be homogeneous and consist essentially of a single filler material or compound, such as titanium dioxide 
40 or barium sulphate alone. Alternatively, at least a proportion of the filler may be heterogeneous, the primary 
filler material being associated with an additional modifying component For example, the primary filler particle 
may be treated with a surface modifier, such as a pigment, soap, surfactant coupling agent or other modifier 
to promote or alter the degree to which the filler is compatible with the substrate polymer. 

Titanium dioxide Is a particularly preferred opacifying inorganic filler. 
45 The opacifying filler, particularly of titanium dioxide, should be finely-divided, and the average particle size 
thereof is desirably from 0.01 to 10 urn. Preferably, the opacifying filler has an average particle size of from 
0.05 to 5 \xm t more preferably of from 0.1 to 1 fim, and particularly of from 0.15 to 0.3 fim. 

The amount of opacifying filler, particularly of titanium dioxide, incorporated into the substrate preferably 
should be in the range from 0.05% to 2%, more preferably in the range from 0.1% to 1%, and especially in the 
» range from 0.2% to 0.4%. 

In addition to the opacifying inorganic filler, the polymeric film according to the invention may comprise a 
particulate inorganic filler which primarily endows handling properties on the film. The "handling" inorganic 
filler may be selected from silica, silicates, ground glass, chalk, talc, china day, magnesium carbonate, zinc 
oxide, zirconia or calcium carbonate. Silica is a preferred handling filler, preferably present in the range from 
55 0.05% to 2%, more pref rably in the range from 0.1% to 1%, and especially in the range from 0.2% to 0.4%. 

The handling filler preferably has an average partide size of from 0.1 to 10 \m t more pref rably of from 
1 to 8 jim, and particularly of from 3 to 5 nm. 

Partide sizes may be measured by electron microscope, coulter counter or sedimentation analysis and 
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Intrinsic viscosity (IV): 



DSC scan: 



th average particle size may be d termined by plotting a cumulative distribution curve representing the per- 
centag of particles below chosen particle sizes. 

It Is pref rred that none of the filler particles Incorporated into the polyesterf llm according to this Invention 
should have an actual particle size exceeding 30 pm. Particles exceeding such a size may be rem ved by siev- 
5 Ing processes which are known in th art. However, sieving operations are n t always totally successful in elim- 
inating all particles greater than a chosen size. In practice, therefore, the size of 99.9% by number of the par- 
ticles should not exceed 30 *im. Most preferably the size of 99.9% of the particles should not xceed 20 \im. 

Incorporation of the fillers) Into the polyester may be effected by conv ntlonal techniques - for example, 
by mixing with the monomelic reactants from which the polyester is derived, or by dry blending with the poly- 
10 ester in granular or chip form prior to formation of a film therefrom. 

Thickness of the polyester film may vary depending on the envisaged application but, In general, will not 
„_exceed_500,^m, _will„preferably_bejn^n^ range from 125 

to 350 urn. 

The following test procedues were used. 
15 Thermal ageing: Accelerated thermal ageing was performed at 180°C in a circulating air 

oven. The half-life, in days, of the percentage elongation to break (ETB) 
of the film was determined. ASTM D882-83 was used for mechanical test- 
ing to determine the % ETB values. Polyester films according to the in- 
vention preferably have a half life % ETB of greater than 8 days, more pre- 
20 ferably greater than 10 days at 180°C. 

Measured by solution viscometry, by using a 1% by weight solution of 
polyester in o-chlorophenol at 25°C. 

Differential scanning calorimeter (DSC) scans were obtained using a Per- 
kin Elmer DSC 7 instrument Individual layers of polyester film weighing 
25 5 mg were encapsulated into a standard Perkin Elmer aluminium DSC cru- 

cible. The film and crucible were pressed flat to ensure that the film was 
partially constrained in order to minimise effects of relaxation of orienta- 
tion during heating. The specimen was placed in the sample holder of the 
Instrument and heated at 80°C per minute from 30°C to 300°C to record 
30 the relevant trace. A dry, inert purge gas, eg nitrogen, argon, was used. 

The temperature and heat flow axis of the DSC instrument were fully cali- 
brated for the experimental conditions, ie for the heating rate and gas flow 
rate. The values for the peak temperatures, ie the endothermic high tem- 
perature peak (A) and endothermic low temperature peak(B), were taken 
35 as the maximum displacement above a baseline drawn from the onset of 

each endothermic melting process to the e nd of each endothermic melting 
process. Peak temperature measurements were derived using standard 
analysis procedures within the Perkin Elmer software. Precision and ac- 
curacy of the measurements was ± 2°C. 
40 Delamination: This was determined by mechanically punching, using a compressed air 

driven punch, samples of film through a die. The formed specimens (12.5 
mm x 8 cm) were then examined under a suitable light source for signs of 
delamination along the specimen folds, and the percentage of specimens 
showing evidence of delamination was calculated (from a total number of 
45 25 specimens). 

Oligomer Concentration: Measured by using a solvent extraction method. A sample of film was 

placed in a soxhlet extraction thimble, and extracted with ref luxing xylene 
for 24 hours. The film sample was removed, the xylene solution was 
evaporated to dryness and the total amount of oligomer extracted was cal- 
so culated, being expressed as a percentage of the initial film sample weight 

The invention is illustrated by reference to the accompanying drawing in which: 
Figure 1 is a typical DSC scan (heat flow versus temperature) obtained for a polyester film according to 
the invention. 

Referring to Figure 1, the peak marked (A) is the endothermic high temperature peak having a value of 
55 250°C, and the peak mark d (B) is th endothermic low temperature peak having a valu of 220°C. (A - B) 
(250 - 220)°C = 30°C. 

The invention is further lllustrat d by reference to th following Examples. 
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Example 1 

T rephthallc acid was reacted with ethylene glycol to form bis-(2-hydroxyethyl) terephthalate and low oli- 
gomers thereof, in a standard direct esterif ication reaction. At the end of the direct esterif ication r action 400 

5 ppm of ph sphoric acid stabiliser was added, followed by 500 ppm of antimony trioxide polycondensation cat- 
alyst and 500 ppm of "Irganox 1010" antioxidant 0.3% of silica of particle size 4 urn, and 0.3% of titanium di- 
oxid of particl size 0.2 jim were also added at this stage. A standard batch polycondensation reaction was 
performed until the intrinsic viscosity of the resultant polyethylene terephthalate was approximately 0.52. The 
polyethylene terephthalate was further polymerised by means of a batch solid phase polymerisation process, 

10 until the intrinsic viscosity (IV) of the polyethylene terephthalate was approximately 0.7 to 0.75. The solid phase 
polymerisation process utilised a fluldised bed, fluldised with nitrogen. 

— T^e.above-produced_pQlyethylene_terephfo film. T hef ijm was 

melt extruded, cast onto a cooled rotating drum and stretched at a temperature of about 90°C in the direction 
of extrusion to approximately 3 times its original dimensions. The film was passed into a stenter oven, where 

15 the film was stretched at a temperature of about 120°C in the sideways direction to approximately 3 times its 
original dimensions. The biaxially stretched f ilm was heat set at a temperature of about 215°C under dimen- 
sional restraint Final film thickness was 190 tun. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

1. 

20 

Example 2 

This is a comparative example not according to the invention. The procedures in Example 1 were repeated 
except that no "Irganox 1010" was added to the reaction mixture. 
25 The polyester film was subjected to the test procedures described herein. The results are given in Table 

1. 

Example 3 

30 This is a comparative example not according to the invention. The procedures in Example 1 were repeated 

except that no "liganox 1010" was added to the reaction mixture and the polyester film was heat set at a tem- 
perature of about 230°C, and the final film thickness was 250 pm. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

1. 

35 

Example 4 

This is a comparative example not according to the invention. The procedures in Example 1 were repeated 
except that no "Irganox 1010" was added to the reaction mixture and the polyester film was heat set at a tem- 
40 perature of about 226°C. In addition, a solid phase polymerisation stage was not used. Instead, the standard 
batch polycondensation reaction was continued for a longer period of time, until the IV of the polyester was 
approximately 0.7 to 0.75. Final film thickness was 350 \xm. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

1. 

45 

Example 5 

This is a comparative example not according to the invention. The procedures in Example 1 were repeated 
except that 1000 ppm "Irganox 1010" was added to the reaction mixture and the polyester film was heat set 
50 at a temperature of about 220°C. In addition, a solid phase polymerisation stage was not used. Instead, the 
standard batch polycondensation reaction was continued fora longer period of time, until the IV of the polyester 
was approximately 0.7 to 0.75. The final film thickness was 125 urn. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

1. 

55 

Exampl 6 

The procedures in Example 5 wer repeated exc pt that the reaction mixture comprised 2 mole % of iso- 
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phthalic acid. 

Th poly st r film was subj cted to th test procedures described h rein. The results are given in Table 

1. 

5 Example 7 

The procedures in Example 1 were repeated except that the solid phas polym risation process utilised 
a rotary vacuum polymerisation apparatus and the polyester film was heat set at a temperature of about 222°C. 
Final film thickness was 250 nm. 
10 The polyester film was subjected to the test procedures described herein. The results are given in Table 
2. 



Example 8 

15 This is a comparative example not according to the invention. The procedures in Example 7 were repeated 
except that the polyester film was heat set at a temperature of about 192°C. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

2. 

20 Example 9 

This is a comparative example not according to the invention. The procedures in Example 7 were repeated 
except that the polyester film was heat set at a temperature of about 228°C. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

25 2. 

Example 10 

The procedures in Example 7 were repeated except that the reaction mixture comprised 2 mole % of Iso- 
30 phthalic acid and the polyester film was heat set at a temperature of about 220°C. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

2. 

Example 11 

35 

This is a comparative example not according to the invention. The procedures in Example 10 were repeated 
except that the polyester film was heat set at a temperature of about 192°C. 

The polyester film was subjected to the test procedures described herein. The results are given in Table 

2. 

40 

Example 12 

This is a comparative example not according to the invention. The procedures in Example 1 0 were repeated 
except that the polyester film was heat set at a temperature of about 236°C. 
45 The polyester film was subjected to the test procedures described herein. The results are given in Table 

2. 

The above experiments illustrate the improved properties of polyester films according to the present invention. 
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Claims 

1. A polyester film comprising a polyester having an Intrinsic viscosity (IV) In the range from 0.65 to 0.8, and 
an effectiv amount of an antioxidant the polyester having an endothermic high temperature peak at a 
temperature of (A)°C and an endothermic low temperature peak at a temperature of (B)°C ( both peaks 
being measured by differential scanning calorimetry (DSC), wherein the valu of (A - B) is in the range 
from 25°C to 50°C. 

2. A polyester film according to claim 1 wherein the concentration of antioxidant is In the range from 50 ppm 
to 5000 ppm. 

3. A polyester film according to either one of claims 1 and 2 wherein the intrinsic viscosity of the polyester 
is in the range from 0.67 to 0.75. 

4. A polyester film according to any one of the preceding claims wherein the value of (A - B) is In the range 
from 27°Cto45°C. 

5. A polyester film according to any one of the preceding claims wherein the polyester film has an oligomer 
concentration of not more than 0.8% by weight of the film. 

6. A polyester f ilm according to any one of the preceding claims wherein the antioxidant is a hindered phenol. 

7. A polyester film according to any one of the preceding claims wherein the polyester film comprises 0.05% 
to 2% of an opacifying inorganic filler having an average particle size in the range from 0.01 to 10 nm. 

8. A polyester film according to claim 7 wherein the filler is titanium dioxide. 

9. A polyester film according to any one of the preceding claims wherein the polyester is a polyethylene ter- 
ephthalate homopolymer or a polyethylene terephthalate copolymer comprising up to 5 mole% of iso- 
phthalate groups. 

10. A method of producing a polyester film comprising a polyester having an intrinsic viscosity (IV) In the range 
from 0.65 to 0.8, and an effective amount of an antioxidant, the polyester having an endothermic high 
temperature peak at a temperature of (A)°C and an endothermic low temperature peak at a temperature 
of (B)°C, both peaks being measured by differential scanning calorimetry (DSC), wherein the value of (A 
- B) is in the range from 25°C to 50°C. 
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